Summary

of the International Workshop “Russian ELI/HiPER/PETAL at ISTC”, 

November 24-25, 2008, Moscow

Preamble

The Workshop has been organized by the International Science and Technology Center (ISTC) on November 24-25, 2008, in Moscow at the ISTC premises. The ISTC is an intergovernmental organization that contributes to Fundamental Research, International Programs and Innovation providing weapons scientists from Russia and the Commonwealth of Independent States new, civil opportunities in international science & technology partnership.

The objective of the Workshop was to facilitate the scientific exchange between the Russian scientists from leading research institutes working in the domain of high intensity laser physics and technology with the European Union (EU) scientists working on large scale projects ELI, HiPER and PETAL, formulate collaborative research objectives of mutual interest, and discuss legal and financial mechanisms of their implementation, including preparation of a future Agreement on Co-operation between the stakeholders both at the agency and intergovernmental level.
The Extreme Light Infrastructure (ELI) is dedicated to the design, construction and application of a new Exawatt-class laser facility with characteristics far beyond the present level of intense light sources. ELI will be a super-intense infrared femtosecond laser which will be in the ultra-relativistic regime of laser-matter interaction (with intensities above 1024 W/cm2) and will enter the regime of nonlinear laser-vacuum interaction using new relativistic compression schemes. With the possibility of going into the ultra-relativistic regime, the ELI facility will afford new investigations in particle physics, nuclear physics, nonlinear field theory, ultrahigh-pressure physics, attoscience, plasma and beam physics, laboratory astrophysics and cosmology. Besides its fundamental physics mission, a paramount objective of ELI will be to provide ultra-short energetic particle (10-100 GeV) and radiation (up to few MeV) beams produced from compact laser plasma accelerators. ELI will mate its scientific, engineering and medical missions for the benefit of industry and society. For instance, the secondary sources expected in the project will provide X-ray technologies to clarify the complete time history of reactions such as protein activity and protein folding, radiolysis, monitoring of chemical bonds and catalysis processes. This will lead to a better understanding and control of key events during chemical bond formation and destruction. A high impact on society and on new technologies for industry is then expected. The fore-runner of ELI is the 10PW laser Apollon, which is being developed in a national French initiative of the Institut de la Lumiere Extreme (ILE).

The High Power laser Energy Research facility (HiPER) is a project dedicated to demonstrating a feasibility of the laser driven thermonuclear fusion as a future energy source. It will also enable a broad range of fundamental research including material at extreme conditions, modeling of astrophysical processes in the laboratory, industrial and medical applications. PETAL is a kiloJoule, PetaWatt-class laser under construction in the Aquitaine region, France, which is a fore-runner to the HiPER facility. Its mission is to address the physics and technology issues of strategic relevance.

Main Results
The Workshop provided a forum for successful exchange of knowledge, information and future plans and identified a scope, the partners and possible forms of a future coordination and collaboration. The program of the Workshop is presented in Appendix 1 and the list of participants – in the Appendix 2. The Workshop acknowledges a high level and important contribution of Russian scientists in the domain of extreme light science and technologies. Their results in many cases are complementary to those obtained in the EU countries. There are several examples of already existing efficient collaborations. The Workshop demonstrates clearly an enormous potential of the high power and high intensity lasers for fundamental science, material processing and medicine. This is a very broad and promising area of research which encompasses all three abovementioned EU projects, although each of them would require separate mechanisms of collaboration at the regional, institutional, national or European levels. 

This domain needs for its successful development further public and governmental support. An efficient collaboration requires appropriate legal decisions and funding mechanisms that have to be clearly identified and implemented. Among the possible funding mechanisms the following options have been identified: 

· The ISTC partner projects based on the funding that is currently available within the HiPER and possibly ELI programs, or the ISTC science (regular) projects 
· To allocate a special Russian fund through the RFBF, RAS and other sources to support the initiatives of Russian laboratories and to support the work within the Russian Federation (RF) in concerted action with the EU partners
· EU/RF collaboration within the existing bilateral agreements between the RAS, RFBR and EU partners (CNRS in France, DAF in Germany, STFC in UK). These agreements offer essentially mobility funds that can be supported to some extent by additional funds from each side. Three collaboration forms have been identified: lab-to-lab exchange agreement, exchange networks between the collaborating laboratories, virtual laboratories (laboratories without frontiers) 
· In-kind or direct RF funding of EU projects. This would be the most efficient form of collaboration which would allow the Russian scientists a direct participation in planning and construction of the EU laser facilities and a privileged access to them afterwards 
Short-term actions
The Workshop identified a list of high priority subjects and the scientific groups that are interested in collaboration. This list is presented in Appendix 3. 

The Workshop suggests the following short-term actions that could be readily initiated and that would allow to enable the collaboration immediately:  

· the ISTC proposes to introduce a high priority program “Ultra-High Intensity Light Science and Technologies” that would allow a better coordination of the fundamental and applied research and a faster transfer of the scientific innovations into the industry and medicine. 
· the ISTC proposes to open a webpage on the ISTC website for exchange of information to facilitate the collaboration 

· HiPER proposes to fund the ISTC Partner or bilateral projects on the level of ~ 0.5 M€ for the following subjects:

· High repetition-rate cryogenic target production (Lebedev Institute, group of E. Koresheva)

· Development of targets for key experiments on European lasers (Lebedev Institute, group of N. Borisenko)

· Fusion target design (Lebedev Institute, group of V.B. Rozanov)

· Laser technology and large-aperture optic elements (Institute of Applied Physics RAS, SIC “Vavilov State Optical Institute”)

· ELI offers more direct project involvement by inviting the RF to participate in the ELI (ILE) consortium. The main areas of cooperation are:

· ultra high intensity laser-matter and laser-vacuum interaction (Moscow Engineering Physics Institute, group of N. Narozhny)

· Advanced Laser Optics and concepts for generation, amplification, synchronization and propagation of ultra-intense and chirped pulses (Institute of Applied Physics RAS, group of A. Sergeev, SIC “Vavilov State Optical Institute”, group of N. Rozanov, General Physics Institute RAS, group of I. Sherbakov, Moscow State University, group of A. Zheltikov, Institute of Laser Physics SBRAS, group of S. Bagaev)
· Generation and applications of new highly brilliant laser generated sources of particle and radiation beams for diagnostic and therapeutic purposes in new emerging technologies (Lebedev Institute RAS, group of V. Bychenkov, Joint Institute for High Temperatures RAS, group of V. Fortov)

· The RFBR is allocating ~ 0.6 M€ for co-funding of the ELI-related projects for Russian scientists (call is underway)

· PETAL offers a possibility for collaboration in the domains related to the construction of PETAL plasma diagnostics and the facility utilization: 

· Identification of specific collaboration projects for development of plasma diagnostics in the picosecond time domain for/ with PETAL

· Target design for specific PETAL experiments

· The French partners (the Aquitaine Region, the University of Bordeaux, the CNRS and the CEA) propose to host the next workshop at Bordeaux in March 2009 (suggested dates March 9 -11) for the Russian institutions interested in the collaboration projects for PETAL 

Such a collaboration, nevertheless, requires a specific Memorandum of Understanding between the interested parties to resolve the legal and financial issues. It could be prepared in the next few months and signed at the following meeting in Bordeaux

· LASERLAB proposes for the RF institutions a participation in the Transnational Access program. The Russian or collaborative proposals for experiments on the LASERLAB facilities will require RF funding, and is subject to forthcoming approval by the LASERLAB board. Assuming success, the RF scientific proposals will be examined by the selection committee and the successful one(s) will be offered time on one of the network’s facilities.

· The national programs in France (CNRS) UK (STFC) and Germany offer opportunities for mobility and specific project collaboration: bi-lateral lab-to-lab projects, visiting professor invitations, networks on a specific scientific problem 

Appendix 1: 


Program of the Workshop

AGENDA of WORKSHOP Russian ELI/HiPER/PETAL at ISTC 

Moscow, Krasnoproletarskaya ul. 32-34, Auditorium 211

MONDAY, November 24, 2008

9:00 – 9:30 
Opening Session

9:00 –9:15
Welcome address and role of ISTC, Mr. Adriaan van der Meer, Executive Director

9:15 – 9:30
Welcome from CEA, Dr. Daniel Malys, Charge de Mission Russie, CEA/DAM 
9:30 – 13:00
Plenary session I: Status of High field science with lasers


Chairs: Dr. Mike Dunne and Dr. Vladimir Tikhonchuk

9:30 – 10:00
Extreme Light Physics, Dr. Gerard Mourou, ELI Coordinator
10:00 – 10:20
Extreme Power Photonics: New Phenomena, Dr. Nikolay Narozhny, MEPhI
10:20 – 10:40   Prospects of Relativistic Laser Plasmas for Studying Fundamental Processes 

           
and Relativistic Astrophysics, Dr. Sergey Bulanov,  APRC Japan AEA

10:40 – 11:00
Heading toward reliable laser-based sources of monoenergetic particles. Path to cooperation, 


Dr. Valery Bychenkov, Lebedev Institute RAS
11:20 – 11:40   Strongly coupled plasma in laboratory and space, Dr. Vladimir Fortov, 


Joint Institute for High Temperatures RAS

11:40 – 12:00   Hybrid OPCPA-CPA Prototype for ELI, Dr. Efim Khazanov, Institute of Applied Physics RAS

12:00 – 12:20   Novel Fiber-Optic Components for Ultrafast High-Power Photonics, Dr. Alexey Zheltikov,


Moscow State University
12:20 – 12:40   The Aspects on high contrast irradiation of targets at RFNC-VNIITF  laser facility "Sokol-P”, 

Dr. E. Avrorin, Dr.A. Andriyash, Dr.A. Ivanov, Dr. Eugeny Loboda, Dr.V. Lykov, Dr. A. Potapov, RFNC-VNIITF
12:40 – 13:00   Laser Technologies, Experiments and Diagnostics, Dr. Ivan Shcherbakov, 

Prokhorov General Physics Institute RAS
14:30 – 18:00
Plenary session II: Possible official frames for future EU-Russian cooperation 

Chairs: Dr. Christine Labaune and Dr. V. Bychenkov
14:30 – 14:50
RFBR View and Proposals for a Future Technical Cooperation

Dr. Alexey Zheltikov, Russian Foundation for Basic Research

14:50 – 15:20
ELI-Scientific and Organizational Structure, Dr. Georg Korn, Max- Planck-Institute of

Quantum Optics

15:20 – 15:40
Status and perspectives of collaboration of CNRS with Russian research community in advanced laser technology/research, Dr. Vladimir Mayer, Responsible du Bureau CNRS à Moscou

15:20 – 15:40
Collaboration projects under the French-Russian interacademical agreements and the European

 
Seventh Framework Program, Dr. Vladimir Tikhonchuk, CELIA, University Bordeaux 1
16:30 – 18:00
Possible official frames for future EU-Russian cooperation. Discussion of a roadmap for agreement on a future cooperation, All Participants

Moderators: Dr. G. Mourou, Dr. M. Dunne, Dr. T. Kuehl, Dr. A. Zheltikov, Dr. W. Gudowski 

TUESDAY, November 25, 2008

9:00 – 11:10
Plenary session III: Inertial fusion energy 

Chairs: Dr. G. Schurtz and Dr. T. Kuehl
9:00 – 9:30       HiPER - the European Path to Laser Fusion, Dr. Mike Dunne, Science & Technology Facilities

 
Council, UK
9:30 – 10:00
PETAL, Dr. Christine Labaune, CNRS-Institut Lasers et Plasmas, France

10:00 – 10:30   Laser Mega Joule Project, Dr. Jacques Ebrardt, CEA/DAM, Arpajon, France
10:30 – 10:50   Laser target technology at the Lebedev Physics Institute - Participation in EU projects, 


Dr. Natalia Borisenko, Dr. Elena Koresheva, Lebedev Institute RAS

10:50 – 11:10   Large aperture elements from KDP and DKDP crystals for high power femtosecond laser


systems, Dr. Alexey Babin, Institute of Applied Physics RAS

11:30 – 13:00
Plenary session IV: Laser-plasma interactions and fast ignition

Chairs: Dr. G. Mourou and Dr. N. Narozhny
11:30 – 11:50   Photo-chemically driven active media for ultra high intensity femtosecond system: towards


Exawatt powers, Dr. Leonid Mikheev, Lebedev Institute RAS 
11:50 – 12:10
Bright sources of radiation and high-energy electrons using short intense laser pulses. Joint

strategy for EU projects, Dr. Nikolai Andreev, Joint Institute for High Temperatures RAS

12:10 – 12:30   Generation of super strong light fields by advanced laser optics and their applications, 

Dr. Nikolai Rozanov Vavilov State Optical Institute, GOI
12:30 – 12:45   Development of ICF-target design for spark ignition and fast ignition approaches. LPI

 
activity and international collaboration, Dr. Sergey Gus’kov, Lebedev Institute RAS
12:45 –13:00
Optical, X-ray, and corpuscular diagnostics, Dr. Andrei Shikanov and Dr. Alexander Rupasov, Lebedev Institute RAS
14:30 – 16:00
Plenary session V: Matter under extreme conditions                              


Chairs: Dr. N. Andreev and Dr. S. Bulanov
14:30 – 14:50
High Power Laser Facilities RFNC-VNIEF, Dr. Sergey Garanin, Dr. Gennady Kochemasov, RFNC-VNIIEF

14:50 – 15:10   Target design for IFE and the shock ignition, Dr. Guy Schurtz, CELIA, University Bordeaux 1
15:10 – 15:30   PHELIX-laser at GSI Darmstadt: Status and Research Program, Dr. Thomas Kuehl, PHELIX,

 
GSI -Helmholtzzentrum fuer Schwerionenforschung GmbH

15:30 – 15:45   Experimental and theoretical study of high-energy-density states in matter induced by intense

laser beams. Ongoing and near future cooperation, Dr. Igor Lomonosov, Institute of Problems of Chemical Physics RAS
15:45 – 16:00   Wide-range equations of state and phase transitions of substances at high energy densities, 


Dr. Konstantin Khishchenko, Joint Institute for High Temperatures RAS

16:30 – 17:30
Final discussion of a roadmap for agreement on Russian-EU cooperation    


Moderators: Dr. G. Mourou, Dr. M. Dunne, Dr. T. Kuehl, Dr. A. Zheltikov, Dr. W. Gudowski
17:30 – 18:00
Summary Documents


Chairs: Dr. V. Tikhonchuk, Dr. V. Mayer, Dr. W. Gudowski, Dr. D. Malys, Dr. A. Zheltikov

Appendix 2: List of Participants

ISTC 

1. Secretariat, Moscow: Waclaw Gudowski, Yuri Malakhov, 

EU 

2. Mike Dunne, Director of the Central Laser Facility at STFC Rutherford Appleton Laboratory,

3. Gerard Mourou, Director Laboratoire d’Optique Appliquèe (LOA) at ENSTA,

4. Georg Korn, ELI Deputy Coordinator, Max-Planck-Institut fur Quantenoptik, Hans-Kopfermann-Str. 1, 85748 Garching

5. Christine Labaune, Director of the Institute Lasers and Plasmas-CNRS-CEA-Ecole Polytechnique-University Bordeaux

6. Vladimir Tikhonchuk, Professor of the University Bordeaux, Centre Lasers Intenses et Applications (CELIA)

7. Guy Schurtz, CELIA, scientific coordinator of WP9-11 for HiPER 

8. Jacques Ebrardt, CEA/DAM, Project Leader

9. Daniel Malys, CEA

10. Vladimir Mayer, CNRS 

Japan 

11. Sergei Bulanov, Advanced Photon Research Center, Japan Atomic Energy Agency

Russia
12. RFNC-VNIITF, Snezhinsk: E.N. Avrorin, E. Loboda, A. Potapov

13. RFNC-VNIIEF, Sarov: G. Kochemasov, V. Vatulin, V. Rogachev

14. Lebedev Physics Institute RAS: V.Bychenkov, S.Guskov, A.Shikanov, A. Rupasov, N. Borisenko, E. Koresheva, L. Mikheev

15. Prokhorov General Physics Institute RAS: I. Shcherbakov, M. Lyamshev, P. Pashinin

16. Institute of Applied Physics RAS: E. Khazanov, A. Babin, I. Gonoskov

17. Institute for High Temperatures RAS: V. Fortov, N. Andreev, K. Khishchenko
18. Moscow Engineering Physics Institute, MEPhI: N. Narozhny, A. Petrovskij

19. Lomonosov Moscow State University: V. Platonenko

20. Vavilov State Optical Institute, GOI: N. N. Rozanov

21. Keldysh Institute of Applied Mathematics RAS: N. Zmitrenko

22. Institute of Problems of Chemical Physics RAS: I. Lomonosov
23. Institute of Laser Physics SB RAS: S. Bagaev, E. Pestryakov
24. Russian Foundation for Basic Research: A. Zheltikov

Appendix 3: Program of scientific cooperation for ELI/HiPER/PETAL projects
I. High field science (HFS) with lasers   

	Subject
	Expected deliverables
	Expected participants

	Advanced Laser Optics and concepts for generation, amplification, synchronization and propagation of ultra-intense and chirped pulses


	Hybrid OPCPA-Ti:sapphire designs and experiments 1-10 PW level. Large aperture crystals

Synchronization and propagation of ultrashort pulses using optical fibers for OPCPA systems

Improved large aperture gratings with high damage resistance, large aperture optical components, laser beam diagnostics

New materials and active media for short pulse high average power lasers
	Institute of Applied Physics RAS

Moscow State University

SIC “Vavilov State Optical Institute”, RFNC-VNIIEF

General Physics Institute,  Lebedev Physics Institute, Institute of Laser Physics SBRAS 

	Laser-based sources of energetic particles and X-rays including the ultra-relativistic regime
	Experiments on sub-PW laser facility in IAP RAS.

Laser-target design for the most efficient high-energy particles production and X-ray generation. Spectroscopy diagnostics on generated X-rays and fast charge particles.

The study of fast ion acceleration by laser pulses with linear and circular polarization in the SOKOL-P experiments with thin foils at high contrast and laser intensity of 10E19 W/cm2.
	Institute of Applied Physics RAS

Lebedev Physics Institute,  Joint Institute for High Temperatures, SIC “Vavilov State Optical Institute” RFNC-VNIIEF

RFNC-VNIITF



	Nuclear physics with lasers. Identification of scientific opportunities and laser requirements for the next generation of facilities


	Generation, excitation and de-excitation of short-living isomers for monochromatic hard X ray production

Laser-based neutron source with well-collimated neutron beam.

The study of gamma - quantum and neutrons generation in SOKOL-P experiments at  laser intensity more 10E19 W/cm2.
	SIC “Vavilov State Optical Institute”, Lebedev Physics Institute

RFNC-VNIITF
RFNC-VNIITF


	Quantum electrodynamics of an intense field
	Identification of scientific opportunities and laser requirements for the next generation of facilities.

Nonlinear optics of vacuum. Pair production in low density plasma
	Moscow Engineering Physics Institute, General Physics Institute

SIC “Vavilov State Optical Institute”, Institute of Applied Physics RAS

	Hybrid 10PW OPCPA-CPA Prototype for ELI
	Installation of 10PW laser system
	Institute of Applied Physics RAS

	Propose solutions (and/or R&D requirements) to address short pulse harmonic conversion. 
	Theoretical and experimental study of second harmonic generation of high intensity femtosecond pulse in thin KDP crystals 
	Institute of Applied Physics RAS




II. Inertial fusion energy (IFE)

	Subject
	Expected deliverables
	Expected participants

	Design of high gain direct drive targets
	Modelling of defined designs, and suggested improvements. Use of foams and structured materials for improvement laser plasma coupling and pressure smoothing
	Lebedev Physics Institute, RFNC-VNIIEF, Institute of Applied Mathematics RAS

	Shock ignition of direct-driven targets with high energy gain for IFE.
	Requirements to laser and target design to obtain high energy gain in direct-driven targets with shock ignition.
	RFNC-VNIITF



	Physics of laser plasma interaction
	Effects of parametric instabilities in the shock ignition, control of hot electron production and transport, nonlocal effects and magnetic fields in the energy transport 

SRS/SBS generation  from compressing laser pulse of second harmonic
	Lebedev Physics Institute,  Joint Institute for High Temperatures
SIC “Vavilov State Optical Institute”

	Physics of hydrodynamic instabilities in a dense medium
	Effects of the laser beam inhomogeneities and the small-scale structure of ablator on the stability of shell compression and stagnation 
	Lebedev Physics Institute, RFNC-VNIIEF, Institute of Applied Mathematics RAS

	Fast ignition
	Effects of the shell compression pressure on the cone survival (spallation and plasma formation inside the cone), fast electron transport, schemes w/out a cone: ion acceleration and hole boring
	Lebedev Physics Institute, RFNC-VNIIEF, SIC “Vavilov State Optical Institute”, Institute of Applied Mathematics RAS

	OPCPA beamline development plan for HiPER
	Roadmap report
	Institute of Applied Physics



	Propose solutions (and/or R&D requirements) to address short pulse harmonic conversion. 
	Theoretical and experimental study of second harmonic generation of high intensity femtosecond pulse in thin KDP crystals 
	Institute of Applied Physics



	Code developments
	Hybrid code development and implementation of efficient computing strategies for incorporation of electron kinetic effect via reduced models  
	RFNC-VNIITF, Lebedev Physics Institute



	Laser technologies for IFE, including diode-pumped glass lasers and lasers with high repetition rates
	Designs and production options for high average power laser systems and associated technologies.  Scheme design, nonlinear and thermo-optical distortions
	RFNC-VNIIEF, SIC “Vavilov State Optical Institute”

	Key laser fusion experiments and development of a specialized diagnostic equipment
	Development of diagnostics for experiments on/with  the PETAL laser

Development and calibration of fast ions time-of-flight scintillation spectrometer. Development of multichannel X-ray Kirkpatric-Baez microscope for target imaging.
	Lebedev Physics Institute, Joint Institute for High Temperatures, RFNC-VNIIEF

RFNC-VNIITF

	Laser target technology for the high repetition rate operation
	Target development for application on European lasers (LULI, LIL, PALS, Vulcan, Iskra-5, Luch). Development of technologies of cryogenic target fabrication, methodology of target quality characterization
	Lebedev Physics Institute

	Target injection, tracking and engagement
	Designs and modelling of interaction techniques for free-space (injected) targets
	

	Fusion technology
	Characterization of debris production in integrated experiments, effects of the fusion products on the first wall and front end optics elements
	RFNC-VNIIEF




 

III. Laboratory astrophysics with lasers and other applications

	Subject
	Expected deliverables
	Expected participants

	Relativistic plasma physics and astrophysics
	Models of ion acceleration  in inhomogeneouse plasma corona of stars
	Joint Institute for High Temperatures,  SIC “Vavilov State Optical Institute”, RFNC-VNIIEF

	Modelling of radiative shocks and jets with lasers
	Models of radiative jet formation, validation experiments, scaling to the astrophysical and fusion conditions
	SIC “Vavilov State Optical Institute”

	Nonideal plasmas under extreme conditions.

Astrophysical modelling with two species targets.
	Experimental and theoretical study of high-energy-density states in matter induced by intense laser beams.

Astrophysical modelling with two-species targets. Experiments with target-triggered phase decomposition and microturbulence effects.

The investigation of WDM at SOKOL-P laser facility by means of X-Ray and optical diagnostics.
	Joint Institute for High Temperatures

Lebedev Physics Institute

RFNC-VNIITF



	Equations of state and opacities at extreme conditions
	Development of EoS in the phase transition region and improved opacity measurements for low-Z materials
	Joint Institute for High Temperatures, RFNC-VNIIEF



	Medical applications of high energy laser-accelerated particles
	Theoretical studies and experiments for fast electron and ion applications for short-lived isotope production and cancer therapy.

Experiments and simulations on relaxation of matter excited by heavy charged particles
	Lebedev Physics Institute, RFNC-VNIITF, Institute of Applied Physics RAS, SIC “Vavilov State Optical Institute”

Joint Institute for High Temperatures
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